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MEMORY PHYSICAL LAYER INTERFACE,
MEMORY APPARATUS AND METHOD
THEREOF

BACKGROUND
Technical Field

The disclosure generally relates to a memory apparatus,
and more particularly related to resetting decision feedback
equalization (DFE) tap of DFE receiver in the memory
apparatus.

Description of Related Art

A memory apparatus, such as a double data rate dynamic
random-access memory (DDR RAM) 1s used widely in
many applications for storing data. Some memory appara-
tuses use a DFE recerver to meet requirements of high speed
and low power consumption. The DFE receiver may include
a DFE tap that should be reset before a read burst is
performed. However, resetting the DFE tap 1s a big concern
for DDR applications, because a gap between two read
bursts varies and 1t 1s very diflicult to meet timing to reset the
tap across different frequencies.

It 1s desirable for a novel design of the memory apparatus
that 1s capable of eflectively resetting the DFE tap of the
memory apparatus.

SUMMARY

The disclosure introduces a memory apparatus, a memory

physical layer interface and a method thereof that are
capable of resetting DFE tap between read bursts across
different frequencies.
In some embodiments, the memory apparatus includes a
memory device, a memory controller and a memory physi-
cal layer iterface that 1s coupled between the memory
device and the memory controller. The memory physical
layer interface includes a DFE receiver and a DFE reset
circuit. The DFE receiver 1s configured to receive a data
signal and a data strobe signal from the memory device. The
DFE receiver includes a DFE tap that 1s determined accord-
ing to a previous data signal, and the DFE receiver adjusts
the data signal according to the DFE tap. The DFE reset
circuit 1s configured to receive a gate enable signal and an
internal enable signal from the memory controller, generate
a DFE reset signal according to the gate enable signal and
the internal enable signal, and output the DFE reset signal to
the DFE receiver to reset the DFE tap of the DFE recerver
between read bursts.

In some embodiments, a memory physical layer interface
includes a DFE receiver and a DFE reset circuit. The DFE
receiver receives a data signal and a data strobe signal. The
DFE receiver includes a DFE tap that 1s determined accord-
ing to a previous data signal, and the DFE receiver adjusts
the data signal according to the DFE tap. The DFE reset
circuit 1s configured to receive a gate enable signal and an
internal enable signal, generate a DFE reset signal according
to the gate enable signal and the internal enable signal and
output the DFE reset signal to the DFE receiver to reset the
DFE tap of the DFE receiver between read bursts.

In some embodiments, a method of a memory apparatus
comprising a memory device, a memory controller and a
memory physical layer interface, wherein the memory
physical layer interface includes a DFE reset circuit and a

DFE receiver. The method includes steps receiving, by the
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DFE reset circuit, a gate enable signal and an internal enable
signal from the memory controller; generating, by the DFE
reset circuit, a DFE reset signal according to the gate enable
signal (Gate_EN) and the internal enable signal (IE); and
outputting, the DFE reset signal, to the DFE receiver to reset
a DFE tap of the DFE receiver between read bursts.

In the above embodiments, a memory apparatus may
include a DFE reset circuit and a DFE receiver. The DFE
reset circuit may generate a DFE reset signal based on a gate
enable signal and an internal enable signal, and the DFE
reset circuit may provide the generated DFE reset signal to
the DFE receiver to reset a DFE tap of the DFE recerver
between read bursts. Since the DFE reset signal 1s generated
based on both the gate enable signal and the internal enable
signal, the DFE reset signal can reset the DFE tap between
read bursts across all frequencies. Furthermore, the memory
apparatus may include an AND gate that receives the gate
cnable signal and the data strobe signal and the memory
apparatus may route the DFE reset signal with similar delay
of the data strobe signal to meet timing at the DFE receiver.
In this way, the reset of the DFE tap of the disclosure may
automatically track voltage-temperature (V1) varnations 1n
the memory apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates a schematic diagram of a memory
apparatus in accordance with some embodiments.

FIG. 2 illustrates a schematic diagram of memory physi-
cal layer interface of a memory apparatus 1n accordance with
some embodiments.

FIG. 3 illustrates a timing diagram of signals 1n a memory
physical layer interface of a memory apparatus 1 accor-
dance with some embodiments.

FIG. 4 illustrates a wavetorm diagram of signals in a DFE
reset circuit of a memory apparatus 1n accordance with some
embodiments.

FIG. § illustrates flowchart diagram of a method of a
memory apparatus 1n accordance with some embodiments.

DESCRIPTION OF TH

L1l

EMBODIMENTS

Retference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are 1llustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

FIG. 1 illustrates a schematic diagram of a memory
apparatus 100 that includes a memory device 110, a memory
physical layer interface (PHY ) 120, a memory controller 130
in accordance with some embodiments. The memory device
110 may include a plurality of memory banks (not shown),
and each memory bank may include a plurality of memory
cells for storing data. The memory banks of the memory
device 110 may be double data rate (DDR) memory banks.
In an embodiment, the memory device 110 1s a low-power
double data rate (LPDDR) dynamic random-access memory
(DRAM). The organization and sizes of the memory banks
of the memory device 110 may vary based on applications
and requirements of the memory apparatus 100.

The memory controller 130 may generate and supply
various control commands or data to control operations of
the memory apparatus 100. The memory controller 130 may
include logic circuits used to control reading data from the
memory device 110 and writing data to the memory device
110. The memory controller 130 may control operations of
the memory device 110 using commands transmitted to the
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memory device 110 via the PHY 120. In some embodiments,
the memory controller 130 provide an internal enable signal
IE and a gate enable signal Gate_EN to the PHY 120 to
control operations of the PHY 120 and the memory device
110. The gate enable signal Gate_EN and the internal enable
signal IE may be used to generate a decision feedback
equalization (DFE) reset signal DFE_RST for resetting a
DFE tap of a DFE recetver. The configuration and structure
of the memory controller 130 are not limited 1n the disclo-
sure, and may vary according to applications of the memory
apparatus 100.

The PHY 120 1s coupled between the memory device 110
and the memory controller 130 via different interfaces. For
example, the PHY 120 may communicate with the memory
device 110 via a DRAM mterface (not shown), and the PHY
120 may communicate with the memory controller 130 via
a DFI (DDR PHY Interface) interface (not shown). The PHY
120 may 1nclude a DFE receiver 121 and a DFE reset circuit
123. The DFE receiver 121 1s configured to receive data and
clock information from the memory device 110. For
example, the DFE receiver 121 may receive data signal DO
and data strobe signal DQS from the memory device 110.

In some embodiments, the DFE recetver 121 may include
a number of DFE taps (not shown) which are also known as
teedback taps of the DFE receiver 121. Values of the DFE
taps of the DFE receiver 121 may depend on data signals (or
data bits) that are previously received or sampled by the
DFE receiver 121. In an embodiment, the DFE receiver 121
1s 1-tap DFE receiver that includes one DFE tap whose value
depends on a previously sampled data bit of the data signal
DQ. The DFE receiver 121 may adjust the current data
signal DQ based on the value of the DFE tap. For example,
when the value of the DFE tap (i.e., previously sampled data
bit) 1s “1”, DFE receiver 121 may subtract a specific signal
(1.e., —ve signal) from the current data signal DQ); and when
the value of the DFE tap (i.e., previously sampled data bit)
1s “0”, DFE receiver 121 may add the specific signal (i.e.,
+ve signal) to the current data signal DQ. The DFE tap
should be reset before each read burst 1s performed to read
the data signals from the memory device 110. When multiple
read bursts are performed, the DFE tap of the DFE receiver
121 should be reset between the read bursts.

The DFE reset circuit 123 1s electrically connected to the
DFE receiver 121 and 1s Conﬁgured to generate and output
a DFE reset signal to the DFE receiver 121 to reset the DF.
tap ot 2

.LJ L_.LJ

'the DFE receiver 121. In some embodiments, the DFE
reset circuit 123 may receive the internal enable 81gnal IE
and the gate enable signal Gate EN from the memory
controller 130, and the DFE reset circuit 123 1s configured
to generate the DFE reset signal according to the recerved
internal enable signal IE and the received gate enable signal
(Gate EN. The disclosure does not intend to limait the circuit
structures of the DFE receiver 121 and the DFE reset circuit
123 to any specific circuit structures. The designs of the DFE
receiver 121 and the DFE reset circuit 123 may vary
according to different requirements of the memory apparatus
100.

FIG. 2 illustrates a schematic diagram of a memory
physical layer interface (PHY) of a memory apparatus in
accordance with some embodiments. The PHY of the
memory apparatus may be the PHY 120 of the memory
apparatus 100 as shown 1n FIG. 1. The DFE reset circuit 123
of the PHY 120 1s configured to generate a DFE reset signal
DFE_RST based on the gate enable signal Gate_EN and the
internal enable signal IE. The DFE reset circuit 123 may
include delay elements 1231, 1234, a digitally controlled

delay line (DCDL) 1232, an inverter 1233 and logic circuits
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1235 and 1236. The delay element 1231 may receive the
gate enable signal Gate_EN and 1s configured to delay the
gate enable signal Gate_EN by a certain delay amount to
generate a signal G0. The DCDL 1232 1s connected to the
delay element 1231 and is configured to delay the signal GO
by a delay amount to generate a first signal G1. The delay
amount of the DCDL 1232 may be digitally controlled by a
control signal (not shown). The inverter 1233 1s coupled to
the DCDL 1232 to receive the first signal G1, and 1s
configured to invert the first signal G1 to generate a second
signal G2. An inclusion of the DCDL 1232 1n the PHY 120
1s optional; and in an embodiment, the PHY 120 does not
include the DCDL 1232. In this embodiment, the delay
clement 1231 may be coupled to the mverter 1233 and the
delay element 1231 may provide the first signal G1 to the
inverter 1233. The delay element 1234 1s coupled to the
mverter 1233 and 1s configured to delay the second signal
(G2 by a certain delay amount to generate a third signal G3.
The logic circuit 1235 1s coupled to the inverter 1233 and the
delay element 1234 to receive the second signal G2 and the
third signal G3 as inputs of the logic circuit 1235. The logic
circuit 1235 1s configured to perform a logic operation (i.e.,
NAND operation) on the second signal G2 and the third
signal G3 to generate a reset signal RST. The logic circuit
1236 1s configured to receive the reset signal RST and the
internal enable signal IE as inputs of the logic circuit 1236.
The logic circuit 1236 1s configured to perform a logic
operation (1.e., AND operation) on the reset signal RST and
the internal enable signal IE to generate a DFE reset signal
DFE_RST. In some embodiments, the logic circuit 1235 1s
a NAND gate, and the logic circuit 1236 1s an AND gate, but
the disclosure 1s not limited thereto. The DFE reset circuit
123 may output the DFE reset signal DFE_RST to the DFE
receiver 121 of the PHY 120.

The DFE recerver 121 may include a plurality of recerv-
ing circuits 121_0 through 121_#» which are configured to
receive data signals (or data bits) DQO through DQn and a
reference voltage VREF. Each of the receiving circuits
121_0 through 121_# 1s configured to compare the reference
voltage VREF with respective received data signal to gen-
crate a respective a digital output signal OUT_0 through
OUT_n. For example, the receiving circuit 121_0 may
compare the reference voltage VREF with the received data
signal DQO to generate the digital output signal OUT_0; and
the recerving circuit 121_» may compare the reference
voltage VREF with the received data signal DQn to generate
the digital output signal OUT_n. The DFE recerver 121 may
further receive the data strobe signal DQS that provides
timing information for the receiving circuits 121_0 through
121_» to generate and output the digital output signals
OUT_0 through OUT _n.

In some embodiments, the receiving circuits 121_0
through 121_# of the DFE receiver 121 may further receive
the DFE reset signal DFE_RST and the internal enable
signal IE. The DFE receiver 121 may reset the DFE tap of
the DFE receiver 121 based on the DFE reset signal
DFE_RST and the internal enable signal IE. The receiving
circuits 121_0 through 121_» may receive the DFE reset
signal DFE_RST from the DFE reset circuit 123, and the
receiving circuits 121_0 through 121_» may receive the
internal enable signal IE from the memory controller (i.e.,
memory controller 130 in FIG. 1). The DFE reset 31gnal
DFE_RST may be input to the DFE receiver 121 to reset the
DFE tap before each read burst 1s performed. IT multiple
read bursts are performed, the DFE reset signal DFE_RST
may be input tap 1n a gap interval between the read bursts to
reset the DFE.
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In some embodiments, the PHY 120 further includes a
DQS recerver 124, a logic circuit 125, DCDLs 126, 127, a
bufler 128 and delay elements 129 0 through 129_#. The
DQS receiver 124 1s configured to receive the internal
enable signal IE and a DQS pair DQSP and DQSN. The

DQS recerver 124 1s configured to generate a signal S1 based
on the internal enable signal IE and the DQS pair DQSP and
DQSN. The logic circuit 125 recerves the signal S1 and the
gate enable signal Gate_EN, and 1s configured to perform a
logic operation on the signals S1 and the gate enable signal
Gate_EN to generate a signal S2. The logic circuit 125 may
be an AND gate, and the logic operation performed by the

logic circuit 125 may be the AND operation, but the dis-
closure 1s not limited thereto. The DCDL 126 and DCC

(Duty-cycle corrector) 127 are configured to delay the signal
S2 by controllable delay amount to generate a delay signal
S3; and the bufler 128 1s configured to generate the signal S4

based on the delay signal S3 generated by the DCC 127.
Each of the delay elements 129_0 through 129_#» 1s con-
nected to one of the receiving circuits 121_0 through 121_#
of the DFE receiver 121. Each of the delay elements 129_0
through 129_» 1s configured to delay the signal S4 by a
certain delay amount to generate the signal DQS. The delay
clements 129_0 through 129 #» provide the generated signal
DQS to the receiving circuits 121_0 through 121_# of the
DFE receiver 121.

FIG. 3 illustrates a timing diagram of the internal enable
signal IE, the gate enable signal Gate_EN, the data strobe
signal DQS signal and the data signal DQ 1 a PHY (1.e.,
PHY 120 1n FIG. 1) 1n accordance with some embodlments
The mnternal enable signal IE may include a pulse P11 which
rises at t31 and falls at t36. In other words, the internal
enable signal IE 1s at a high logic state during a time interval
from t31 to t36. The internal enable signal IE may be
provided by the memory controller (1.e., memory controller
130 1n FIG. 1), and a pulse width of the pulse P11 may be
determined by the memory controller. The gate enable signal
Gate_EN may include pulses P21 and P22 being separated
by a gap period Tg. The pulse P21 rises at t32 and falls at
t33, and the pulse P22 rises at t34 and falls at t35. In some
embodiments, a pulse width of each of the pulses P21 and
P22 of the gate enable signal Gate_EN may correspond to a
length of a number of system clock cycles of a system clock
signal (not shown). For example, the pulse width of each of
the pulses P21 and P22 may correspond to a length of 8
system clock cycles, but the disclosure 1s not limited thereto.
The gap period Tg may correspond to a length of 4 system
clock cycles, but the disclosure 1s not limited thereto.

The data strobe signal DQS may include a plurality of
pulses P31 and a plurality of pulses P32 being separated by
a DQS gap. The pulses P31 are generated during a first read
burst, and the pulses P32 are generated during a second read
burst. The DQS gap may correspond to a gap between the
first and second read burst, and the data strobe signal DQS
1s 1n an unknown logic state high-Z. The first read burst and
the second read burst may be two consecutive read bursts, in
which the second read burst 1s performed after the first read
burst. In an embodiment, the time interval of the first read
burst and the time interval of the second read burst may align
with the pulses P21 and P22 of the gate enable signal
Gate_EN. In an embodiment, the data strobe signal DQS
includes 8 pulses P31 and 8 pulses P32 corresponding to 8
system clock cycles, and the DQS gap includes 4 system
clock cycles. It should be noted that the number of pulses
P31 and P32 and a length of the DQS gap may vary 1n
different applications of the memory apparatus.
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The data signal DQ may carry output data that are
transmitted 1n synchronization with the pulses of the data
strobe signal DQS during the read bursts. The data signal
DQ may be 1n a low logic state (logic state of “07) or
unknown logic state high-7 outside the read bursts.

The DFE reset signal DFE_RST may include pulse P41
and P42 that are configured to reset the DFE tap included 1n
a DFE receiver (1.e., DFE receiver 121 1n FIG. 1 and FIG.
2). The pulse P41 1s input to the DFE receiver to reset the
DFE tap of the DFE receiver belfore the first read burst 1s
performed, and the pulse P42 1s input to the DFE receiver to
reset the DFE tap of the DFE recerver before the second read
burst 1s performed. The pulse P42 of the DFE reset signal
DFE_RST may be mput to the DFE receiver during the DQS
gap of the data strobe signal DQS. In some embodiments, a
pulse width W1 of the pulses 41 and 42 can be designed
based on requirements of the DFE receiver 121. In addition,
a margin W2 from the pulse 42 of the DFE reset signal
DFE_RST to a start of the second read burst may be
determined based on simulations across worst corners. In an
embodiment, the memory controller (1.e., memory controller
130 1n FIG. 1) may perform a read training to determine
appropriate values of the margin W2. In addition, the pulses
of the DFE reset signal DFE_RST may be designed with
respect to the incoming DQS/DQ signals without disturbing
the actual output data.

Reterring to FIG. 3, 1n a case where the DQS gap between
two read bursts 1s short, the internal enable signal IE may not
be turned off during the DQS gap. Based on the internal
enable signal IE turn-on time and a margin between turn-on
and actual incoming data, the internal enable signal IE may
not be turned off even for multiple cycle gap (1.e., 2-cycle,
3-cycle, 4-cycle or 5-cycle gap) between read bursts. For
example, n a LPDDR applications, a command clock and
data strobe signal DQS may operate at a 4:1 ratio. In such
a case, for 1-cycle command-gap between read bursts may
lead to 4-cycle DQS gap between read bursts. Even this
4-cycle DQS gap may not be suflicient to turn ofl the internal
enable signal IE.

In some embodiments of the disclosure, the DFE reset
signal DFE_RST 1s generated based on both the internal
ecnable signal IE and the gate enable signal Gate_EN, the
DFE reset signal DFE_RST may be generated to reset the
DFE tap of the DFE receiver even when the internal enable
signal IE 1s not turned off (1.e., when the internal enable
signal IE is switched from the hlgh logic state to the low
logic-state). In other words, even 1f a gap between read
bursts 1s short or varied (1.e., 1 cycle, 2 cycle, 3 cycle gaps)
due to different frequencies, the DFE tap of the DFE receiver
can be reset between the read bursts. In addition, the
memory apparatus may include an AND gate that receives
the gate enable signal Gate_EN and the data strobe signal
(1.e., DQS pair), and the memory apparatus 100 may route
the DFE reset signal with similar delay of the data strobe
signal to meet the timing at the DFE recetver 121. In this
way, the mechanism to reset DFE tap can automatically
track VT variations.

FIG. 4 1llustrates a timing diagram of the internal enable
signal IE, the first to third signals G1 to 3, the reset signal
RST and the DFE reset signal DFE_RST 1n a DFE reset
circuit (1.e., DFE reset circuit 123) 1n accordance with some
embodiments. The internal enable signal IE as shown 1n
FIG. 4 1s same as the internal enable signal IE 1n FI1G. 3, thus
the detailed description of the internal enable signal IE 1s
omitted hereafter.

The first signal G1 may include pulses P51 and P32 which

are delayed pulses of the pulses P21 and P22 of the gate
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cnable signal Gate_EN. As shown 1n FIG. 2 and FIG. 4, the
first signal G1 1s generated by delaying the gate enable
signal Gate_EN using the delay element 1231 and the
DCDL 1232. The delay amount of the first signal Gl
compared to the gate enable signal Gate_ EN may vary based
on different applications of the memory apparatus.

The second signal G2 may include pulses P61 and P62
which are inverted pulses of the pulses P51 and P52 of the
first signal G1. As shown 1n FIG. 2 and FIG. 4, the second

signal G2 1s generated by inverting the first signal G1 using
the 1nverter 1233.

The third signal G3 may include pulses P71 and P72
which are delayed pulses of the pulses P61 and P62 of the
second signal G2. As shown 1n FIG. 2 and FIG. 4, the third

signal G3 1s generated by delaying the second signal G2
using the delay element 1234. The delay amount of the third
signal G3 compared to the second signal G2 may vary based
on different applications of the memory apparatus.

The reset signal RST include pulses P81 and P82 which
are obtained by performing a logic operation (i.e, NAND

operation) on the third signal G3 and the second signal G2.
As shown in FIG. 2 and FIG. 4, the reset signal RST 1s
generated by performing a NAND operation on the second

signal G2 and the third signal G3 using the logic circuit
1235.

The DFE reset signal DFE_RST include pulses P41 and
P42 which are obtained by performing a logic operation (1.,
AND operation) on the reset signal RST and the internal
cnable signal IE. As shown in FIG. 2 and FIG. 4, the DFE
reset signal DFE_RST 1s generated by performlng the AND
operation on the reset signal RST and the internal enable
signal IE using the logic circuit 1236. The DFE reset signal
DFE_RST that 1s generated by the DFE reset circuit 123 1s
provided to the DFE receiver 121 to reset the DFE tap of the
DFE receiver 121.

FIG. 5 1llustrates a flowchart diagram of a method of a
memory apparatus in accordance with some embodiments.
The memory apparatus may include a memory device, a
memory controller and a memory physical layer interface,
the memory physical layer interface comprising a decision
teedback equalization (DFE) reset circuit and a DFE
receiver. In step S510, the method receives, by a DFE reset
circuit, a gate enable signal and an internal enable signal
from a memory controller. In step S520, the method gener-
ates, by the DFE reset circuit, a DFE reset signal according
to the gate enable signal and the internal enable signal. In
step S530, the method outputs, by the DFE reset circuit, the
DFE reset signal to a DFE receiver to reset a DFE tap of the
DFE receiver before performing a read burst. In this way, the
method of the memory apparatus may generate the DF.
reset signal to effectively reset the DFE tap of the DF
receiver before performing the read burst.

In summary, a DFE reset circuit may generate the DF.
reset signal based on both the gate enable signal and the
internal enable signal, and the DFE reset circuit may provide
the generated DFE reset signal to reset a DFE tap of the DFE
receiver between two different read bursts. In this way, the
DFE tap of the DFE receiver may be reset between read
bursts across all frequencies. Furthermore, a DFE tap reset
mechanism of the disclosure may automatically track the
voltage-temperature (V1) variations by using AND gate that
receives the gate enable signal and the data strobe signal and
by routing the DFE reset signal with similar delay of the gate
cnable signal to meet the timing of the DFE recerver.

Although the embodiment of the disclosure has been

described in detail, the disclosure 1s not limited to a specific
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embodiment and various modifications and changes are
possible within the scope of the disclosure disclosed in the
claims.
What 15 claimed 1s:
1. A memory apparatus, comprising:
a memory device;
a memory controller; and
a memory physical layer interface, coupled between the
memory device and the memory controller, the memory
physical layer interface comprises:

a decision feedback equalization (DFE) receiver,
receiving a data signal and a data strobe signal {from
the memory device, wherein the DFE receiver com-
prises a DFE tap that 1s determined according to a
previous data signal, and the DFE receiver adjusts
the data signal according to the DFE tap; and

a DFE reset circuit, recerving a gate enable signal and
an internal enable signal from the memory controller,
generating a DFE reset signal according to the gate
enable signal and the internal enable signal, and
outputting the DFE reset signal to the DFE receiver
to reset the DFE tap of the DFE receiver between
read bursts.

2. The memory apparatus of claim 1, wherein the DFE

reset circuit comprises:

an 1verter, recetving a first signal and mverting the first
signal to generate a second signal, wherein the first
signal 1s generated according to the gate enable signal;

a first logic circuit, performing a first logic operation on
the second signal and a third signal to generate a reset
signal, wherein the third signal 1s a delayed signal of
second signal; and

a second logic circuit, performing a second logic opera-
tion on the reset signal and the internal enable signal to
generate a DFE reset signal.

3. The memory apparatus of claim 2, wherein

the first logic circuit 1s a NAND gate, and the second logic
circuit 1s an AND gate.

4. The memory apparatus of claim 1, wherein the DFE

reset circuit further comprises:

a first delay circuit, delaying the gate enable signal to
generate the first signal; and

a second delay circuit, coupled between the inverter and
the first logic circuit, delaying the second signal to
generate the third signal.

5. The memory apparatus of claim 1, wherein

the read bursts comprise a first read burst and a second
read burst, and

the DFE reset circuit 1s configured to reset the DFE tap
before performing each of the first read burst and the
second read burst.

6. The memory apparatus of claim 5, wherein

the first read burst and the second read burst are separated
by a gap interval,

the DFE reset signal comprises a plurality of reset pulses,
and one of the reset pulses 1s asserted in the gap
interval.

7. The memory apparatus of claim 5, wherein

first read burst 1s performed during a first read period, the
second read burst 1s performed during a second read
period,

the gate enable signal comprises a first pulse and a second
pulse, a pulse width of the first pulse of the gate enable
signal overlaps the first read period of the first read
burst, and a pulse width of the second pulse of the gate
signal overlaps the second read period of the second
read burst.
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8. The memory apparatus of claim 1, wherein the memory

physical layer interface further comprises:

a data strobe signal receiver, receiving a data strobe pair
from the memory device;

a third logic circuit, performing a third logic operation on
an output of the data strobe signal receiver and the gate
cnable signal;

a third delay circuit, delaying an output of the third logic
circuit to generate the data strobe signal.

9. A memory physical layer interface, comprising:

a decision feedback equalization (DFE) receiver, receiv-
ing a data signal and a data strobe signal, wherein the
DFE receiver comprises a DFE tap that 1s determined
according to a previous data signal, and the DF.
receiver adjusts the data signal according to the DF.
tap; and

a DFE reset circuit, receiving a gate enable signal and an
internal enable signal, generating a DFE reset signal
according to the gate enable signal and the internal
enable signal, and outputting the DFE reset signal to the
DFE recerver to reset the DFE tap of the DFE receiver
between read bursts.

10. The memory physical layer interface of claim 9,

wherein the DFE reset circuit comprises:

an 1nverter, recerving a first signal and mverting the first
signal to generate a second signal, wherein the first
signal 1s generated according to the gate enable signal;

a first logic circuit, performing a first logic operation on
the second signal and a third signal to generate a reset
signal, wherein the third signal 1s a delayed signal of
second signal;

a second logic circuit, performing a second logic opera-
tion on the reset signal and the internal enable signal to
generate a DFE reset signal.

11. The memory physical layer interface of claim 9,

wherein the DFE reset circuit comprises:

a first delay circuit, delaying the gate enable signal to
generate the first signal; and

a second delay circuit, coupled between the inverter and
the first logic circuit, delaying the second signal to
generate the third signal.

12. The memory physical layer interface of claim 9,
wherein

the read bursts comprise a first read burst and a second
read burst, and

the DFE reset circuit 1s configured to reset the DFE tap
betore performing each of the first read burst and the
second read burst.

13. The memory physical layer interface of claim 12,

wherein

the read bursts comprise a first read burst and a second
read burst, the first read burst and the second read burst
are separated by a gap interval,

the DFE reset circuit 1s configured to reset the DFE tap
betore performing each of the first read burst and the
second read burst,

the DFE reset signal comprises a plurality of reset pulses,
and one of the reset pulses 1s asserted in the gap
interval,

first read burst 1s performed during a first read period, the
second read burst 1s performed during a second read
period,

the gate enable signal comprises a first pulse and a second
pulse, a pulse width of the first pulse of the gate enable
signal overlaps the first read period of the first read
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burst, and a pulse width of the second pulse of the gate
signal overlaps the second read period of the second
read burst.

14. The memory physical layer interface of claim 1,
further comprising:

a data strobe signal receiver, receiving a data strobe pair

from the memory device;

a third logic circuit, performing a third logic operation on
an output of the data strobe signal receiver and the gate
cnable signal;

a third delay circuit, delaying an output of the third logic
circuit to generate the data strobe signal.

15. A method of a memory apparatus comprising a
memory device, a memory controller and a memory physi-
cal layer interface, the memory physical layer interface
comprising a decision feedback equalization (DFE) reset
circuit and a DFE recerver, the method comprising:

recerving, by the DFE reset circuit, a gate enable signal
and an internal enable signal from the memory con-
troller;

generating, by the DFE reset circuit, a DFE reset signal
according to the gate enable signal and the internal
enable signal; and

outputting, the DFE reset signal, to the DFE receiver to
reset a DFE tap of the DFE receiver between read
bursts.

16. The method of claim 15, wherein generating the DFE

reset signal comprising:

recerving a first signal and inverting the first signal to
generate a second signal, wherein the first signal 1s
generated according to the gate enable signal;

performing a first logic operation on the second signal and
a third signal to generate a reset signal, wherein the
third signal 1s a delayed signal of second signal; and

performing a second logic operation on the reset signal
and the internal enable signal to generate a DFE reset
signal.

17. The memory apparatus of claim 16, wherein

the first logic circuit 1s a NAND gate and the second logic
circuit 1s a AND gate.

18. The method of claim 15, further comprising:

delaying the gate enable signal to generate the first signal;
and

delaying the second signal to generate the third signal.

19. The method of claim 15, wherein

the read bursts comprise a first read burst and a second
read burst, the first read burst and the second read burst
are separated by a gap interval,

the DFE tap is reset before performing each of the first
read burst and the second read burst,

the DFE reset signal comprises a plurality of reset pulses,
and one of the reset pulses 1s asserted in the gap
interval,

first read burst 1s performed during a first read period, the
second read burst 1s performed during a second read
period,

the gate enable signal comprises a first pulse and a second
pulse, a pulse width of the first pulse of the gate enable
signal overlaps the first read period of the first read
burst, and a pulse width of the second pulse of the gate

signal overlaps the second read period of the second
read burst.
20. The method of claim 15, further comprising;
recerving a data strobe pair from the memory device;
performing a third logic operation on an output of the data
strobe signal receiver and the gate enable signal; and
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delaying an output of the third logic circuit to generate the
data strobe signal.
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